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58. The plant of claim 43, wherein the plant is a monocotyledonous plant. 

59. The plant of claim 43, wherein the plant is an alga. 




(Amended ) The plant of any of claims 43 or 83. wherein said immunoglobulin 
y molecules are present at a level of at least 56 ng/mg of total protein in extracts of said 
plan^. 



/ C*^. \ "^'^"^ °^ °* "^'^'""^ °' wherein at least some of said 

/A / '"^Vnoglobulin molecules are present within the cell wall of said plant cells. 

O 82. yAmended) The plant of any of claims 43 or 83, wherein said Immunoglobulin 
molecjiles are trafficked through the Golgi of said plant cells. 



REMARKS 

Claims: 

After amending the claims as set forth above, claims 43, 44, 48, 53, 57-59, 79, 
and 81-99 will be pending in this application. 

Claim 43 as amended is directed to a plant, comprising plant ceils containing 
nucleotide sequences encoding an antigen-specific immunoglobulin single polypeptide 
product containing at least an immunoglobulin heavy chain polypeptide or portion thereof 
and an immunoglobulin light chain or portion thereof, wherein the nucleotide sequences 
encode a leader sequence forming a secretion signal for the single polypeptide product. 
Also required is for the plant cells to contain antigen-specific immunoglobulin single 
polypeptide product encoded by the nucleotide sequences wherein the leader sequence is 
cleaved from the polypeptide product following proteolytic processing. An example of 
such an antigen specific single polypeptide immunoglobulin is a single chain Fv fragment. 

Claim 83 is directed to a plant comprising plant cells containing an immunoglobulin 
heavy chain polypeptide or an immunoglobulin light chain but not both, wherein the 
nucleotide sequence encodes a leader sequence forming a secretion signal for the single 
polypeptide product. In this claim the heavy chain or light chain are from an antigen- 
specific immunoglobulin, and the single polypeptide product is capable of forming an 
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antigen-specific immunoglobulin when co-expressed in the same cell with the other chain 
of the antigen-specific immunoglobulfn. Also required is that the cells contain 
immunoglobulin single polypeptide product encoded by the nucleotide sequences, wherein 
the leader sequence Is creaved from the polypeptide product following proteolytic 
processing. Claim 83 is intended to cover transgenic plants which separately express 
either the heavy chain or the light chain of an antigen-specific immunoglobulin. As 
described in the instant application, such plants can be crossed to yield a plant with plant 
cells that express both the heavy and Irght chains which assemble in the plant cell to form 
an antigen specific immunoglobulin. 

Amendment Support 

The amendments to claim 21 find ample basis in the application as filed as 
summarized below: 

1 ) "antigen-specific immunoglobulin" 

Support found, for example, at page 10, line 27-33 (emphasis added). 

Immunoglobulin product: A polypeptide, protein or multimerrc 
protein containin g at least the Immunologically active portion 
of an immunoq iobulin heavy chain and is thus capable of 
specifically combining with an antigen . Exemplary 
immunoglobulin products are an Immunoglobulin heavy chain, 
immunoglobulin molecules, substantially intact immunoglobulin 
molecules, any portion of an immunoglobulin that contains the 
paratope, including those portions known in the art as Fab 
fragments. Fab* fragment, F(ab')2 fragment and Fv fragment. 

2) antigen-specific single polypeptide immunoglobulin comprising an 
"immunoglobulin heavy chain polypeptide or portion thereof and an immunoglobulin 
light chain or portion thereof" 

Support for this phrase in claim 43 is found, for example, at page 3 of the 
specification states as follows: 



One of the most useful aspects of using a recombinant 
expression system for antibody production is the ease with 
which the antibody can be tailored by molecular engineering. 
This allows the production of antibody fragments and single- 
chain molecules, as well as the manipulation of full-length 
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antibodies. For example, a side fsic] range of functional 
recombinant-antibo dy fragments, such as Fab. Fv. sinqie-chain 
and single-domain ant ibodies, may be generated . In addition, 
the ability of plant cells to produce fulWength antibodies can 
be exploited for the production of antibody molecules with 
altered Fc-mediated propenies, 

Further support can be found at: 

a) Page 10. lines 5-10, defining a single chain antigen-brnding protein 
and encoding gene. ("A polypeptide composed of an immunoglobulin light- 
chain variable region amino acid sequence (Vl) tethered to an 
immunoglobulin heavy-chain variable region amino acid sequence (Vm) by a 
peptide that (inks the carboxyl terminus of the Vl sequence to the amino 
terminus of the Vh sequence/'); and 

b) Page 28. lines 5-13, identifying useful immunoglobulin products in 
transgenic plants, ("and proteins known as single chain antigen binding 
proteins. ... The structures of single chain antigen binding proteins has 
been described by Bird et al.. Science . 242: 423-426 (1988) and U.S. 
Patent No. 4,704,692 to Ladner."). 

It is well known in the art that such single polypeptide immunoglobulin generally 
comprises a "portion thereof of both the heavy and light chain, most typically the 
variable region portion. This is directly supported by the above cited portions of the 
instant specification. 

3). An ''immunoglobulin single polypeptide product containing an 
Immunoglobulin heavy chain polypeptide or an immunoglobulin light chain but not 
both" 

Support for this phrase in claim 83 can be found, for example, as follows: 

a) Page 62 line 18 ("Example 2") to page 63, line 9, describing 
preparation of a plant expression vector encoding an immunoglobulin light 
chain single polypeptide with a leader sequence ("The resulting kappa light 
chain expression vector contained a gene coding for the entire kappa chain 
including the kappa leader."); 
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b) Page 64 line 18 ("Example 3") to page 65, line 5, describing 
preparation of a plant expression vector encoding an immunoglobulin heavy 
chain single polypeptide with a leader sequence ("The resulting gamma 
heavy chain expression vector contained a gene coding for the entire gamma 
heavy chain including the gamma leader/) 

c) Page 68, Table 3 and accompanying text, describing 
immunological detection of gamma heavy chain and kappa light chain 
expressed separately as a single polypeptide in a plant, (see numbers under 
headings ^Gamma-L'' and "Kappa-L"); 

d) Page 75, lines 5-13, describing detection of RNA encoding 
gamma heavy chain and kappa light chain expressed separately as a single 
polypeptide in a plant, (referring to kappa with leader and gamma with 
leader represented by lanes 3 and 4, respectively, in Figure 4 of U.S. 
5,202,422); and 

e) Page 76, lines 22-32, describing immunological detection through 
Western blotting of gamma heavy chain and kappa light chain expressed 
separately as a single polypeptide in a plant, (referring to kappa with leader 
and gamma with leader represented by lanes 5 and 6, respectively, in Figure 
5 of U.S. 5,202,422. 

4) "heavy chain or light chain are from an antigen-specific immunoglobulin, 
and said single polypeptide product being capable of forming an antigen -specific 
Immunoglobulin when co-expressed In the same cell with the other of said chain" 

Support for this phrase in claim 83 is found, for example, in Examples 9 and 10 on 
page 77-79. 

5) "multimers" 

Support for multimers of heavy chain expressed alone or light chain expressed 
alone can be found, for example, at page 76, lines 15-21 . 
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In view of the above cited overwhelming support, it is respectfully submitted that 
the amendments raise no issue of new matter. Accordingly, entry of the amended claims 
into the case is respectfully requested. 



AMENDMENT OF THE SPECIFICATION 

In the previous amendment. Applicant requested to amend the specification to 
update the section entitled "Cross reference to Related Applications." The Office Action 
mailed July 5, 2001 , entered the amendment with the exception of the phrase "the 
disclosures of which are incorporated by reference herein, " which was denied entry for 
allegedly constituting new matter. App/icant respectfully points out, however, that the 
Utility Patent Application Transmittal {copy attached as Exhibit A) that accompanied the 
instant patent application shows that box 5. requesting incorporation by reference of the 
parent application (08/642,456), was checked. It is further noted that the parent 
application (08/642,456) expressly incorporates by reference the applications that were 
referred to in the portion of Applicant's previous amendment that was denied entry, The 
relevant language from 08/642,456 is as follows: 

CROSS REFERENCE TO RELATED APPLICATION 

This is a continuation-in-part of U.S. application Ser. No. 
07/971,951, filed Nov. 5, 1992 now U.S. Pat. No. 
5,639,947, which is a continuation of U.S. Ser. No. 
07/591,823, filed Oct. 2, 1990 (now U.S. Pat. No. 
5,202,422), which is a continuation-in-part of U.S. Ser, No. 
07/427,765, filed Oct- 27, 1989 (abandoned), the disclosures 
of which are incorporated by reference herein. 

In view of the above, the Examiner i$ respectfully requested to withdraw the denial of 
entry and enter Applicant's prior requested amendment of the specification in toto. 



DOUBLE PATENTING REJECTION 

Claims 21, 32-54, 56-66 and 68-82 have been rejected under the judicially created 
doctrine of obviousness-type double patenting as being allegedly unpatentable over claims 
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21-66 of copending Application No. 09/512,736. The rejection moot as to claims 
cancelled herein. Although Applicant does not agree with the basis for this rejection, a 
terminal disclaimer that obviates the rejection was filed with the previous amendment not 
entered in the case. Applicant requests that The Examiner enter this terminal disclaimer 
into the case. Applicant reserves the right to later withdraw the disclaimer depending on 
the claims that ultimately issue from copending Application No. 09/512,736. 



The rejection of claims 21, 32-39, 42-47, 49-54, 56, 57, 60-66, 68, 70-75, 78, 
and 80-82 under 35 U.S.C. § 102(b) as being allegedly anticipated by the During 
Dissertation is respectfully traversed. The rejection is moot as to claims cancelled herein. 
Each independent claim and its dependents are addressed separately below. 

Claims 43 and dependents are not anticipated by During 

During fails to disclose or otherwise teach the elements of claim 43 and its 
dependent claims including the requirement for a plant comprising plant cells containing 
nucleic acid encoding an immunoglobulin single polypeptide product. On this basis alone, 
the During dissertation does not anticipate claim 43 and its dependent claims. 

Furthermore, During does not disclose the claimed requirement for a plant cell to 
contain assembled antigen-specific single polypeptide immunoglobulin product following 
proteolytic processing of a leader sequence that forms a secretion signal. The During 
dissertation teaches an alternative strategy where the expression of the light chain is 
directed by a chimeric signal peptide-fight chain gene which includes three amino acids not 
normally found at the C-termlnus of a eukaryotic signal sequence (p. 18, line 7; Figure 
III/4), Using this strategy. During attempted to secrete a light chain only but ultimately 
failed to produce a detectable level of the polypeptide {During translation, p. 80, line 2). 
During's failure to produce cells expressing only the light chain was likely a result of 
incorrect proteolytic processing of the leader from the light chain and failure of the protein 
to enter the eukaryotic secretory pathway (DECLARATION by Steven Mayfield under 37 
C.F.R. § 1.132, dated May 13, 2001). In addition. During never was able to demonstrate 
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that heavy chain was produced in his plants in Western blotting or in the immunogold 
experiments. Furthermore, During never demonstrates that the allegedly produced Bl-8 
immunoglobulin (which he does not even express as a single polypeptide immunoglobulin) 
binds specifically with its antigen. Accordingly, an alternative and independent grounds 
exists upon which to find that the During dissertation does not anticipate claim 43 and its 
dependent claims. 

Claims 83 and dependents are not anticipated by During 

As already described. During tried but failed to express a light chain polypeptide 
without the heavy chain and During made no attempt to express a heavy chain 
polypeptide without a light chain polypeptide. Thus, During does not disclose the 
requirement for nucleotide sequence to encode an immunoglobulin single polypeptide 
product containing an immunoglobulin heavy chain polypeptide or an immunoglobulin light 
chain but not both. On this basis alone, the During dissertation fails to anticipate claim 83 
and its dependent claims. 

The During dissertation also does not disclose the claimed requirement for a plant 
cell the heavy chain alone or the light chain alone wherein each such chain could assemble 
into an antigen-specific immunoglobulin if expressed with the other of the chain. As 
mentioned. During never demonstrated that heavy chain was produced in his plants in 
either the Western blotting or the immunogold experiments and During never 
demonstrated that the allegedly plant produced Bl-8 immunoglobulin binds specifically 
with Its antigen. Accordingly, these additional grounds constitute an independent basis on 
which to find that claims 83 and its dependent claims are not anticipated by the During 
dissertation. 

Accordingly, because the During dissertation fails to disclose each and every 
element of the claimed invention, claim 43 and its dependent claims and claim 83 and its 
dependent claims are not anticipated under section 102(b) as a matter of law. 
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REJECTION UNDER 35 U.S.C. § 102 OVER GOODMAN 

The rejection of claims 21, 32-40, 42-47, 49-54, 56-58, 60-66, 68, 70-76, and 
78-82 under 35 U*S,C. § 102(e) as being allegedly anticipated by Goodman (U.S. No. 
4,956,282) is respectfully traversed. The rejection is moot as to claims cancelled herein. 

Claim 43 and its dependents are not anticipated by Goodman 

Goodman fails to disclose or otherwise teach the elements of claim 43 and its 
dependent claims including the requirement for a plant comprising plant cells containing 
nucleic acid encoding an immunoglobulin single polypeptide product. This is readily 
evident because Goodman makes only a passing reference to expressing Immunoglobulins, 
which is nearly buried amidst a laundry list of known mammalian proteins as seen below: 



Structural genes of interest include .alpha.-, .beta.- and 
.gamma. -interferons, immunoglobulins, with the structurat 
genes coding for the light and heavy chains and desirably 
assembly occurring in the plant cell , lymphokines, such as 
interleukins 1 , 2 and 3, growth factors, including insulin-like 
growth factor, epidermal growth factor, platelet derived 
growth factor, transforming growth factor-. alpha,, --beta., 
etc., growth hormone, insulin, collagen plasminogen activator, 
blood factors, such as factors I to XII, histocompatibility 
antigens, enzymes, or other mammalian proteins, particularly 
human proteins. 



U.S. No. 4956282, col. 3, lines 1 1-30 (emphasis added). There is clearly nothing 
in this statement that refers directly or indirectly to an immunoglobulin single polypeptide 
product that includes the light and the heavy chain. On this basis, Goodman dearly 
cannot anticipate claim 43 and its dependent claims. 

Claim 83 and its dependents are not anticipated by Goodman 

Goodman's passing reference to an immunoglobulin misses entirely the idea of 
preparing plant cells containing nucleotide sequence encoding an immunoglobulin single 
polypeptide product containing an immunoglobulin heavy chain polypeptide or an 
immunoglobulin light chain but not both . On this basis, Goodman clearly cannot 
anticipate claim 83 and its dependent claims. Furthermore, Goodman never attempted to 
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express immunoglobulin in a plant. Goodman's statement to expressing [mmunoglobulin 
amounts to nothing more than a unsupported wish to express every type of commercially 
useful protein in plants. 

Accordingly, because Goodman fails to disclose each and every element of the 
claimed invention, claim 43 and its dependent claims and claim 83 and its dependent 
claims are not anticipated under section 102(b) as a matter of law. 



The rejection of claims 2^, 32-54, 66-66 and 68-82 under 35 U.S.C. § 103(a) as 
being allegedly unpatentable over DAring in view of Applicant's allegedly admined prior art 
is respectively traversed. The rejection is moot as to claims cancelled herein. 

Relevant Law 

A claimed invention is obvious if the differences between it and the prior art "are 
such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art," 35 U.S.C. § 103 (1994); 
see also Graham v. John Deere^ 383 U.S, 1,13 (1966). Federal Circuit case law provides 
that "(tlhe consistent criterion for determination of obviousness is whether the prior art 
would have suggested to one of ordinary skill in the art that this process should be carried 
out and would have a reasonable likelihood of success, viewed in the light of the prior 
art." In re Dow Chem., 837 F.2d 469, 473, 5 USPQ2d 1529, 1531 (Fed.Cir.1 988). Under 
the law, there must be a showing of a suggestion, teaching, or motivation to combine the 
prior art references is an essential evidentiary component of an obviousness holding." 
C.R. Bard, Inc. v. M3 Sys. Inc., 157 F.3d 1340, 1352, 48 USPQ2d 1225, 1232 
(Fed.Cir.l 998). Also required is that the combined teachings have a reasonable 
expectation of success, viewed in light of the prior art. See In re Dow Chemical Co,, 837 
F.2d 469, 473, 5 USPQ2d 1529, 1531 (Fed.Cir.198S)("Both the suggestion and the 
expectation of success must be founded in the prior art, not in applicant's disclosure."). 

The examiner bears the burden of establishing a prima facie case of obviousness. 
In re Rijckaert, 9 F.3d 1531, 1532, 28 USPQ2d 1955, 1956 (Fed.Cir.1 993); In re 
Oetiker, 977 F.2d 1443, 1445, 24 USPQ2d 1443, 1444 (Fed.Cir.1 992). This sh wing 
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must be clear and particular, and broad conclusory statements about the teaching of 
multiple references, standing alone, are not "evidence." See Dembiczak, 175 F.3d at 
1000, 50 USPQ2d at 1617. However, the suggestion to combine need not be express 
and "may come from the prior art, as filtered through the knowledge of one skilled in the 
art." Motorola, Inc. v, Interdigital Technology Corp., 121 F.3d U61, 1472, 43 USPQ2d 
1481, 1489 (Fed.Cir.1997). Only when the examiner's burden is met does the burden of 
coming forward with rebuttal argument or evidence shift to applicant, Rijckaert, 9 F.3d at 
1532, 28 USPQ2d at 1956. 

Claim 43 and its dependents are not obvious over During 

To reiterate, claim 43 and its dependents require plant cells containing nucleotide 
sequences each encoding an immunoglobulin single polypeptide product containing at 
least an immunoglobulin heavy chain polypeptide or portion thereof and an 
immunoglobulin light chain or portion thereof. The claim further requires the plant cells to 
contain immunoglobulin single polypeptide product encoded by the nucleotide sequences, 
wherein the leader sequence is cleaved from said the polypeptide product following 
proteolytic processing. 

As already discussed under anticipation, the During dissertation fails to disclose or 
otherwise teach a plant comprising plant cells containing nucleic acid encoding any 
immunoglobulin single polypeptide product. In fact, if one takes the teachings of During 
at face value (ignoring what Applicant believes are significant deficiencies in enablement 
or in proof). During in fact teaches away from the claimed invention because During 
attempted and failed to express an immunoglobulin light chain polypeptide by itself. 
During dissertation translation, p. 80, line 2. Moreover, During never attempted expression 
of the immunoglobulin heavy chain polypeptide by itself. 

It is respectfully submitted, therefore, that the above noted deficiencies in the 
teachings of the During dissertation demonstrate overwhelmingly that no substantive 
foundation exists upon which to find claims claim 43 and its dependents obvious over this 
reference. 
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Although the claims have not presently been rejected as obvious over the During 
dissertation in combination with any specified prior art teaching, it is also respectfully 
submined that no such teachings or combination of teachings have been cited in this case 
that could cure the deficiencies noted for During. The only other reference raised for 
obviousness in this action is Goodman, but the teachings of this reference are similarly 
deficient to that of the During dissertation. When it comes to immunoglobulins, Goodman 
only mentions expressing immunoglobulin heavy and light chains together in the same cell 
so that the chains can assemble. Such immunoglobulin, however, clearly does not teach 
or suggest the invention of claim 43 and its dependents. 

Claim 83 and its dependents are not obvious over During 
To reiterate, claim 83 and its dependents require plant cells containing nucleotide 
sequence encoding an immunoglobulin heavy chain polypeptide or an immunoglobulin light 
chain but not both. In this claim the heavy chain or light chain are from an antigen- 
specific immunoglobulin, and the single polypeptide product is capable of forming an 
antigen-specific immunoglobulin when co-expressed in the same cell with the other chain 
of the antigen-specific immunoglobulin. Claim 83 is imended to cover transgenic plants 
which separately express either the heavy chain or the light chain of an antigen-specific 
immunoglobulin. As described in the instant application, such plants can be crossed to 
yield a plant with plant cells that express both the heavy and tight chains which assemble 
In the plant cell to form an antigen specific immunoglobulin. 

As discussed, the During dissertation is wholly deficient with respect to teaching a 
plant comprising plant cells containing nucleic acid encoding any immunoglobulin single 
polypeptide product. During in fact teaches away from the claimed invention because 
During attempted and failed to express an immunoglobulin light chain polypeptide by itself 
and never attempted expression of the immunoglobulin heavy chain by itself. During 
dissertation translation, p.BO, line 2. It is respectfully submitted, therefore, that the above 
noted deficiencies in the teachings of the During dissertation demonstrate overwhelmingly 
that no substantive foundation exists upon which to find claims claim 83 and its 
dependents obvious over this reference. 
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Although the claims have not presently been rejected as obvious over the During 
dissertation in combination with any specified prior art teaching, it is also respectfully 
submitted that no such teachings or combination of teachings have been cited in this case 
that could cure the deficiencies noted for During. The only other reference raised for 
obviousness in this action is Goodman, but the teachings of this reference are similarly 
deficient to that of the During dissertation. When it comes to immunoglobulins, Goodman 
only mentions expressing immunoglobulin heavy and light chains toflether in the same cell 
so that the chains can assemble. Such immunoglobulin, however, clearly does not teach 
or suggest the single polypeptide invention of claim 83 and its dependents. 

Accordingly, because During fails to teach or suggest the claimed invention, claim 
43 and its dependent claims and claim 83 and its dependent claims are not obvious under 
section 103(b) as a matter of law. 

REJECTION UNDER 35 U.S.C. § 103 OVER GOODMAN 
The rejection of claims 21, 32-54, 56-66 and 68-82 under 35 U.S.C. § 103(a) as 
being allegedly unpatentable over Goodman in view of Applicant's allegedly admitted prior 
art is respectively traversed. The rejection is moot as to claims cancelled herein. 
Claim 43 and Its dependents are not obvious over Goodman 
As already mentioned under anticipation, Goodman fails to evan mention let alone 
teach or suggest the requirement for a plant comprising plant cells containing nucleic acid 
encoding an immunoglobulin single polypeptide product. Goodman's one sentence 
reference to immunoglobulins sandwiched amidst a wish list of commercially valuable 
proteins wholly fails to render obvious such claims. Goodman also does not provide any 
enablement of such single polypeptide immunoglobulin. Goodman is unaware of 
requirements for production of any immunoglobulin product in plants. 

Furthermore. Goodman's teachings on gamma interferon expression would not 
reasonably have been considered to advance the possibility of immunoglobulin expression 
in plants. Gamma interferon is structurally and functionally distinct from immunoglobulin 
light or heavy chairs, the latter of which are immunoglobulin superfamily members. Also, 
it was known by the late 1980s that antibodies encompassing a heavy and a light chain 
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are secreted through a complex interaction between the chains and other proteins. For 
example, heavy chain production in B cells was known to precede that of light chain 
production in ontogeny, and that the heavy chain binds to the BiP protein in the 
endoplasmic reticulum before heavy chain assembles with light chain. See e.g., Hass et 
al., Proc. Natl. Acad. Sci. USA 81:7185-7188 (1984) (copy attached as Exhibit B, 
p.7187, right column, citing reference 11, Burrous et al.. PNAS USA 78:564 (1981)). It 
was also known that heavy chain production in the absence of light chain production was 
often fatal in mature B lymphocytes. See e.g., fd. (Exhibit B; p.7185, left column). 
Furthermore, if heavy chain were produced without light chains, the heavy chains were 
not secreted (see Pepe et al., J. Immunol. 137:2367-2372 (1986); copy attached as 
Exhibit C, p.2367, left column); The opposite was true, however, when light chains were 
secreted without heavy chains. 

Thus, the absence of a chemical or biological relationship between gamma 
interferon and immunoglobulin, as well as the known complexity underlying 
immunoglobulin secretion would have rendered the teachings of Goodman largely 
irrelevant to the claimed invention. Furthermore, as already discussed, the teachings of 
During do not in any way cure the deficiencies in the teachings of Goodman. Accordingly, 
the examiner is respectfully urged to withdraw the rejection of claims 43 and its 
dependent claims as allegedly obvious over Goodman. 

Claim 83 and its Dependents are not obvious over Goodman 
As already mentioned under anticipation, Goodman also fails to even mention let 
alone teach or suggest the requirement for a plant comprising plant cells containing 
nucleic acid encoding an immunoglobulin single polypeptide product comprising the heavy 
chain or the light chain but not both. Goodman's one sentence reference to 
immunoglobulins sandwiched amongst is nothing more than a nonenabled wish list. 

Furthermore, Goodman's teachings on gamma interferon expression would not 
reasonably have been considered to advance the possibility of expressing a single 
polypeptide heavy or light chain separately in plants. As discussed, gamma interferon is 
structurally and functionally distinct from an immunoglobulin light or heav/y chain. 



093.711681.2 

Received from <> at 3/4/02 9:15:52 PM [Eastern Standard Time] 



-16- 



"MAR. 4.2002 6; 22PM 



8 



92-6773 FOLEY AND LARDNER 



NO. 6451 P. 23 



Atty. Dkt, No. EPI3007B 
(formerly TSRI 184.2C2) 



Furthermore, it was well known that heavy chains expressed in the absence of light chains 
were generally toxic to B cells. See e.g.. Hass et al., Proc. Natl. Acad. Sci. USA 81 :7185- 
7188 11984) (copy attached as Exhibit B, p.7187, right column, citing reference 11, 
Burrous et al.. PNAS USA 78:564 11981)). In view of this evidence, it is submitted that 
one of ordinary skill would have been surprised to discover that plant cells would be 
capable of supporting secretion of an immunoglobulin heavy chain alone or an 
immunoglobulin light chain alone as required by claim 83 or its dependents. If this were 
not the case, then the present inventors' work simply would not have been roundly hailed 
as a breakthrough in the scientific literature and in the general press. See e.g.. cover of 
Nature, 242(6246), 76-78. 1989 (copy attached as Exhibit D); Excerpt of article in the 
Los Angles Times (San Diego County). November 2, 1989 (copy attached as Exhibit E). 

It is further noted, that assuming arguendo that Goodman's limited teachings 
support to some extent expression of an immunoglobulin single polypeptide in plants, any 
such teachings would be negated by During attempt and failure to achieve this result for 
light chains (i.e., During translation, p.80, line 2). Accordingly, in view of the above, it is 
respectfully submitted that claim 83 and its dependent claims are not obvious over 
Goodman alone or in combination with any other art of record. 

Applicant believes that the present application is now in condition for allowance. 
Favorable reconsideration of the application as amended is respectfully requested. 

The Examiner is urged to contact the undersigned by telephone to address any 
outstanding issues standing in the way of an allowance. 



Respectfully submitted. 



FOLEY & LARDNER 
P.O. Box 80278 

San Diego, California 921 38-0278 
Telephone: (858) 847-6700 
Facsimile: (858) 792-6773 



Date; March 4, 2002 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

43 {Twice amended) A plant, comprising plant cells containing : 

a) [ p l ant oo ll o oont a inlng ] nucleotide sequences encoding an antigen'Specific 
immunoglobulin single polypeptide product containing at least [ o portion of 3an 
immunoglobulin heavy chain polypeptide or portion thereof and a n Immunoglobulin light 
chain or portion thereof , wherein said nucleotide sequences encode [ po l ypopt i do and 
polypoptidc further oomprisee] a leader sequence forming a secretion signal for said single 
polypeptide product ; and 

b) [ biolog i oa ll y funotion a l ] antigen-specific immunoglobulin single 
polypeptide product encoded by said nucleotide sequences, wherein said leader sequence 
is cleaved from said [hoovy ohain] polypeptide product following proteolytic processing 
and assembly . 

44. (Amended) The plant of claim 43, wherein the immunoglobulin product is a single- 
chain Fy antigen-binding protein. 

79. (Amended )The plant of any of claims [ 21, 13, or 66, ] 43 or 83, wherein said 
immunoglobulin molecules are present at a level of at least 56 ng/mg of total protein in 
extracts of said plants. 

81 . (Amended) The plant of any of claims [ 21,^3, or 65, ] 43 or 83. wherein at least 
some of said immunoglobulin molecules are present within the cell wall of said plant cells. 

82. (Amended) The plant of any of claims [. 21, 13. or 66, ] 43 or 83. wherein said 
immunoglobulin molecules are trafficked through the Golgi of said plant cells. 
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ABSTRACT A plasma Ctll hybrJ(Joina frequently loses 
immuaoyirthulin heavy (H) r.ham sp<jrtrancoujly but rarely is 
production of Its tight (L) chain lost. Upon fusiod to a pre-H- 
ccll hybnVoma that produces no Ig chaio; the L chain b frc- 
queplly ]09t- Ip celb wilhuul Uie L chain (he H cJiain, which ia 
derived from «ic plajma ccJ!, is noi chcmlcaHy modlncd. Our 
rwulls LndicfllB thgl. in pre-B cells, bul nol in plajsmu cells, 
Ihcre must be a mechani^in chal neutral izu 4hc lp;^ic effect of 
free H chain. 



Mycloraas and hybridoma* tJcrived from plasma cells se- 
crete immunoglobulin consisling of heavy (H) and light {Lj 
Chains. From 5ucb cell lines, subclones that have lost H 
chain eptpression can be recovered, but they siij] secrete the 
L chain (1» 2). The L chain can then be lost at the jama 
frequertoy 35 Che H chain, On the other hand, it ieems to be 
very difficuli to rccov^er cells thai have lost L chain expres- 
iion but that still Synthesize the H chain ( W) excapt when 
the cells arc mutagenizcd (4) or express a mutant H chain (5^ 
7). These observations have led to the view that the free H 
chain is toxic to the ceils C2, 3). However, cells of an earlier 
differentiation aujc. prc-B cells, synihcsi^c iniraccllulsr H 
chain in the absence of ihe L chain (8). To explain this differ- 
ence, several possibilities have been proposed; (/) the rale of 
H chain synthesis in pre-B cells is too low lo dattiage the cdl 
(9); (fV) the prc-B ceil s/nthcjizcs a different H chain is 
not toxic to the celt (2); or (riV) in prc-B cells, there is a spe- 
cial protein that ncuvrali^cs the toxic effect of the free H 
chain (10, U). 

Here we repon that hybridomaa derived from pre-D cells 
are not diffcreni from plasma cell hyljriclomas with respect 
to their rate of H chain synthesis and sieiidy-siate level of H 
chain. However, they do not synthesize the L chain. In con- 
. sequence, we wanted to answer the question A^heiher there, 
are pre-B-cell hybridomas that can synthesize a free H 
chain, which has been shown to b*s toxic in plasma cell hy- 
bridoinas. 

MATERIALS AND MfiTHODS 

Ceil Lines. 5p2 and w&ns established and provided 

by G. Kdhler (Basel). The cell lities are (Jerived from fusions 
between spleen cells and a oiyeloma. X6^ AgD. and synOte- 
sizc IgG2b. Sp2.0 is an azaguanine'rc^istant subclone of Sp2 
and has lo^t expression. Cell lines H32-21, m20. H32-a, 
and H6 arc derived from fusion:! bclwcen y2b-syn£he3izin& 
.subclones of the Abeiison viru.*;- trans formed pns-B-cell line 
18-31 and X63 Ag86J3 (12). Gone H62 U a subclone of H6 
and synthesizes no Igchuin. NORA !iybndon)as were made 
by fusion of Sp2 HL Agl4 and H62. SPSf hybndomas arc 
derived from a fusion bc(wcen Sp2,U imd Sp2. Cell fusion 

Thi: ptibljcation CpSII of cbij <)riid< wktv tlcrruvnO in purl by put^ chu/gis 
paymcnr. TtiJs ^nieit (herefore De hereby wfir^t\\ 'ailvt:fiisvmrr\r 
in tiCcord'jncc with Id 1^173^ sufcly lo iiTtllcule this fuel. 



wa5 carried oat as described (12). l-hc gencalocy of the vari, 
oufi hybndomas is jiven in Pig. l. 

Isolation of SubcJanej with Ig Chain Li)«. Sort agar cloning 
and anuacrum overlay was carried u'ui according to the 
method of Coffino and Scharff (1). )Whcn an antiserum 
against lgG2b iylb.K) was used, aboui \% ofthc cells formed 
colonies without prec;pitation. These dioncs were i-solaied 
and ihcir expression was analyzed! by immuaonuorcs- 
ccnce. Cl0ne.s of mfer«t were grown in mass culture and 
lurllicr analyzed by immunoprccipitatf6n and eiectrophorc- 

NaDodSOj/Polyacrylttmide £Icctroph;oreais. Cell labeling 
itnmuncprccipitniion. and NaDodSO^/polyacrylamide gei 
electrophoresis were carded out as dcstrjbed (12), Puiic la^ 
beling (3D min) was carried out by the addition of l"S]mcth- 
lonine to cells that had been incubate^ in meihioninc-free 
select medmm/10% dialyred fetal caifiscrum for 1 hr. The 
amoani of ( Sjmethionine incorporaiecSinto the precipitflrcd 
protejns was measured aHer gdt fractionation by scintiU^ition 
assay of the solubilized tfef slices. 

Isoelccirjc Focusing. ?^S]Methionln9-labclcd Ig prccipi- 
tales were dissolved in 9.5 M urca/2^ Nonidct P-40/2% 
Amphoiinc CpH 5-U)/59& 2-mercaptoe(hflnoi and applicd'co 
isoejectrofocusins slab £cls. The gel (portipositjon was ac- 
cording to O'FarrelJ (13). Electrophoresis was carried out for 
1 hr at 250 V, for 12 hr at 400 V. and finklly for I hr at 800 V. 
The proteins were visualized by fluoro^aphy. 

Immunoriuorescencc. The purificatio(n and fluorochrome 
conjuaatlon of goat ;nuibodic5 speciflo fur mouse H chain 
isotypcs and ihc methods for immunoHtiorcscence detection 
of intruccllular Ig have been described (14). 

KESLfLTS 

the Rale of Ig H Chain Synlhesis and (he Steady-Slate Lc?bI 
of the H Chain in Plasma Cell- and In Ptje-B Cell-Derived Hy- 
bridonias Are of theSam^ Order Of Mugiiitude. The prc-B cell 
is characierizcd by the synthesis of inl(-aceMular H chain in 
the absence of the L chain. The free H chain is toxic in plas- 
ma cells, bul pre-13 cclk may survive because they synthe- 
size the H chain in small amounts (15; 16} that would not 
damage the cell. To test this hypothesis, wc increased the 
ainouni of free H chain present in pre-^ cells by fusion lo a 
myeloma. The srcady-staic level of KHK specific for tlic H 
Chain iit the same in pre-B-cell hybridomas and in plasma cell 
hybrid orrui.i (lA). 

By measuring the short-term tncorponation of radiolabeled 
methionine rnto the H chain (Fig. I), wfc have compared the 
rate of Ig H chain synthesis in prc-B -cell -de rived hybrid- 
omas with that of plasma cctl-derived hytsricomas. The 
amount of radioactivity incorporatid into the various H 
chains was of the same order of magnituidc. Also, the sieady- 
siale level of the H chain, as dcterniiuod by long-term labei- 

Abbicviau'ons: H chain antl l, chain. heHvy and (igni chain, respec- 
tively, nf t(j; BiP. H chain binding protein. 
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given belotv i he clone dejignftiion. ^ ' 'i'f is chain ^ymhcsizeJ is 



ing (Fig. 3) and by immunofluorescence inccnsity (data not 
shown)» was not diffcrenc. This does noi formaily exclude 
chat pre-B cells survive the expression of free H chain be- 
cause of a low rare of synthesis, but there would sn'll remain 
the question of why the H chain is aot cojtic for pre-B-cell- 
derivcd hybridonias as it is for plasma ce(|-dcrived hybrid- 
oma^. 

A Given H Chain Is Toxic In Plasma Cells but Not in Pre-B 
CTcUs. Because pre-fi-cclNUerived hybridorjias can survive 
high levels of the H chain, we wanted to know whether they 
are able to survive the cxprcssign of a H chain, the toxicity 
of which has been demortsirated in plasma cells. Tor that 
purpose, we fused a plasma cell hybricJoma co a prc-B-cell 



hybfidooia that had lost its own H chain expression. 

The Sp2 ccl! line is derived from fusion of a plasma ceil 
with a myeloma (Fig. I). It synthesizefe both H and L chain 
and exhibits the K chain toxicity phertomenon d). We con- 
firmed this by recovering Ig chain-fow van Ants according co 
the method of Coffino and Scharff (IX Of 74 subclones, 69 
expressed no H chain, one expressed no L chain (that is, 
expressed H chain only), and 4 did noq express any Ig cha;n 
at ati (Table 1). We then fused the Sp? cell Une to a pre^B^ 
cclMerivcd hybridoma. H62. that had Jost (he expression of 
us own chain (Fig. Z). The resulting, hybrid cell line NORA 
d jjncrsiied H And L chfvjn from the Sri2 parent line (Ffgs. 3 
and 4). The NORA cell line loieraies (he H chain in the ib- 



20 



40 



■^■-nfT^.i 



lf4* 



20 



AO 



40 



lJl 



20 



40 



JL 
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(i) »f« pliLimv ccl]^en-sd hybfdo.nax jynlhesmng both H and L chain; H32.il (r, H320 Id) and H32T(Tl Trr«+ n H-riv^ . K„h^M 
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FiC. 3, NaDodSOJpoly^crylamlde gd dccuophorcsis aaalysij 
of ihq Igi of various hybridDinas jynlhcsiiine boih H and L chain or 
iynthejiiinj the H chain Only. Sp2 (lanes a) and NORA 4 (lanes c) 
secrete ba(h H and L chain: SPS? L55 i\l(\ti b). NORA 4.2 (I'dOe dL 
NORA 4.16 (Jane c]. NORA 4.B,20 (hne f). end (he pre-B-cdl hy- 
bridoma H 61 <Ianc g) synthesize Ihc H chtiin wUhoijt Iht L chain but 
do not secrets ii. 

sencc of the L chain. Ten out of 55 subclones of NQRa 4 
with Ig chain loss synthesized Ig H Chain without the L 
ch^n. 42 synthesized ihe I. chain only, and 3 did not synthe- 
size any Ig chain at all (Table 1). A subclonfi of NORA 4, 
NORA 4.8* thni synthesizes both H und L. chain, ihow^d lUt 
same chain lo&s dislribuiion (Table 1). [n no lOjiancc waa the 
H chain secreted. As a control tg» account for the increased 
chromosome numlxtrs of the NORA 4 hybrid as compared 
with Sp2, we fuicd the Spl cell line to 3 nonptoduciog sub- 
clone, Sp2.'0, generating SPSP hybridocniij (Pig. 1). From 
these hybridomas. subclones synthesirJng free H chain 
should be rare. Indeed, of 125 subclones with [g cU&in k&s, 
wc ^ec^?vc^cd only 1 subclone e;tprc5sjngfree H chain tTabIc 
1). Of these titbelones. \2l hAd lo^tf tht; H ehain and two had 
lost both (g chains. Comparison of the H chain of hybrid- 
onias synthesizing both H and L chain or the H chain alone 
revealed no difference in size (Fig. 3} nor In i^oelecLric: fo- 
cusing behavior (Fig. 4). Since in this case, the M chain is 
one that is known to be coxic. wc conclude that in pre^B cells 
there is a mechanism neutralizing the tojtjc effect of free H 
chains. 

DISCUSSION 

Why are free Ig H chains coxjc In plasmn celts but not in prc- 
B cells? From tlic plasmiicytoma MOFC 21, a varinni could 
be recovered that synthesizes only the H chmn. The mucanl 
H chain of this variant lack.s the lasr 67 carbuKyl-icrniinal 
amino acids and forms polymtirs ofiit least 20 H chains (9). 
This polymerization is probably due lo free sulfhydryl (SH) 

Tabic 1. chain loss paciem in va.rious l)ybridornns 

No. of SUbcIOnel 
Hybcdoma H chain lost L chain lost _H + L chain losL 
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FiC. 4. Isoelectric focusing annlysis of iniracftllulor Ig of various 
hybnrfomas synihetiiinf both H ^nd L cHain or Synthcsizinfi H 
chain only. Lanes: a. pre-O-celi hybritlama H 61 (r2b): b, Sp2 

l^l^A'^i' ^ ^ t^^^*' ^- ^^^^ ^ t^^'j^'^l- NORA 4.2 (^2bl: 

f, NORA 4.16 (vZb): |. NORA 4.8.20 (rib). The r2b chain of H il 
has « vinablc region diffcrecit from the one df the Sp2 Celts and (heif 
hybndQinas. 

groups on the H chain that would oormally form the L-H 
bridge. The normal H chain probably could also polymerize 
in the absence of L chains bui would form much larger insol- 
uble complexes that would damage the: cell, Polymerization 
of L chnin.5 t:annoi occur because no additional free SH 
groups arc available once the L chain has formed a dimer. It 
is of interest that H chnins are predominantly found as 
monomers or diniers in pre-B celU (lij. as well as in the H 
chain-synthesizing subclones of the NQRA 4 hybrid line 
(data not shown). Thus, neutralization of the toxic effect of 
the free H chain may be achieved by the prevention of H 
chain polymerisation— for example, by an enzyme that al- 
ters the reactive 5H groups of the Ig H chain. Since we did 
not find any difference in the isoelectric focusing pattern of 
the intracellular H chains ofSpZ, NORA 4. and of those sub- 
clones synthesizing no L chain (Fig, 4); one can postulate a 
protein (hat either rapidly degrades accumulating free H 
chain or proiccis the reactive SH groups without chemical 
modification. Wc have already dcscriSetJ a proicin (heavy 
chaia-bindtng protein. BiP) ihut binds to Ig H chains not dis- 
sociated with the L chain (11). In all NOKA subclones thul 
have lost the L chain (some of ihem are:shown in Fig. J), the 
H chain is associated with ihc 8iP. if the BiP is neutralizing 
H chdn ioxicit/ it should be less active in plasma cells than 
in prC'B cells. 

Whatever the mechanism for neuiraJization of H chain 
toxicity, our results demand an cxplanauon of why H chain 
synthesis precedes L chain synthesis in B-ccU ontogeny (IQ). 

We thank Drs, J, Johnson IMunich) 3nd C. SleinbcrB (fiasei; for 
di.^cu»iQns. 
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SevcraJ lines of evidence suggest mat tartmno. 
globuJm (Ig) hght (L) chain plays a role in the se^ 
tion of heaTy (H) chain. For example, myeloma var- 
iant lines, Which synthesize the Ig H ^ha^J ^ but not 
the L chain, fail to secrete H chaia protein. Here xJe 
have tested directly the role of chaia assembly in 
the control of Ig secretion by the transfer of fioc- 
tlonal L Cham genes into two 5uch L chain-defective 
myeloma mutants. A X2 or , L chain gene was Intro- 
duced into variant lines of the mouse myelomas 

^2t^ ^L^' f®«* rcspccUvely. 

Altnougji the two mutant lines axe unable to secrete 
the H chain they produce, rescue of secretion of 
complete Zg protein molecules (IgA or IgM) was ob- 
served after tiansfection. These results Imply that 
the secretory apparatus of these cells is intact and 
that the failure to secrete free H chain reflects a 
structural feature intrinsic to that protein. The im- 
phcations of these results with respect to control of 
secretion of multl-suhunit proteins are discussed^ 

Tlie Immunoglobulm [Ig] heavy (H) and Ught [L] chains 
are assembled and processed intraceUuIarly $Lnd then 
secreted together ad a mature. functlonaJi protein (1). A 
aormaJ L chaJn can usually be secreted m the absence of 
H chain. For c^amplc^ BcnccJones prot«ln3 ajrc dcrlTred 
from human myelomas that ficCfEte free L chain (2). 
whereas in the mouse system, there exist mutant mye- 
loma and hybrldoma cell lines that do not produce H 
chain but continue to secrete L chain (3). The situation 
for the normal H chain Is different from that of the L 
chain. Motant cell Unes have been described that synthe- 
size a full length H chain but no L chain (3, 4). These H 
chains are not secreted. Construction of hybrid lines 
between H chain and L chain variant lines results In H 
chain accretion in the form of assembled Ig molecules (S. 
6). Although* these results suggest that the nonnaJ fiiQ- 
length K chain can be secreted only when assembled 
w^lth the L chain, other expianaUona anx; poasible. For 

aecdved for publication November 30, 198S. 
Accepted for pubtJiatlan June 26. 
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example, the L chain^nonproductng cell IUks mifiht hav^ 
imdcigonc a second, unrelated mutation that1™«w!! 

hypothesis Is con-ect. In that for tm> ceU Uncs thai n™. 
ducc H Chain only, the transfer of a funcSoSl^c£S 
gene rcstorea H chain secreUon. '^'^^^^ ^ chain 



MATEIUALS AHO Men^oos 



toamtonrt by serial pawagc in Dult«^^ 



glutamUic. and 40 mM glucooe, ^ mM 

wert fcsuupcnded in 60 mM Trla-HCl, 50 mM MacTand were iSSrt 
by the adduiQn of Triton X-1 00 and aodlum d««ycht>lafc to 1 55 
CcnccntratJon each, :ui described (S). After rei^nSl of Nuclei hv 

ccntnf ligation at WOO rpm for 10 min. asunplca of^U c^„mi 
lyaaccs were removed for detenml nation of tnehlortt44^tic acld-iiiaoJ* 

^.^*LI***!5?'='^lwy; ^^"^^ ^y^^ vrerdlmmanoprerfp- 
Itatcd with rabbit anU-wouj* IgA piotcln and & £obt anu-rabhit w 
anUam (MiIm Yrda). PnjdpJuito we« dU»olved SJbO mM TrtS pH * 
6.a, 2% SpS. where rioted pr«Bllia were rwluecd WlU» *Bcnantoi5x' 
ftflOl (0.5 K). Samjaw wer« OAAlyxcd by SD3-PACE d«cnbed fQ La 

TO as9<sa 8 CCrcUOfl of Eg prtCetn. culturw WCfr laiicted for a 4-hr 
period with the amino add mixture described above „ and sampha of 
the media Immunopreeipitalad «md antUyzetf fey SDS^aGE a^ aOovc 

PC7-d«r(ued c«U tines and ihecuurement Q^Jg p6lyp€pilAe syn- 
kh<4U and jiccrciCon. The ccU line PC7 secretes specific for Che 
hapten ph^wphoiylchflJiiic (PQ" [4]. Frotn Ihla cell line, wc t^tcd 
the muLint 574, which lacka tho gene for PC-flpec|nc L chain (M. 
fiakcr. pcraonal communlcatlonj. Mutajxt 574 produijca. but 4o«s not 
secrete, an apparently nfirmal ^ cham. The mutant ceU lltle 40O 
taicka the M gene of the PC7 parent line lunpubUdhcd r«ult»J: i: 
ccntmuc5 to synch esm thex L chain. 

K:? cells were Incubated in (**Cllcvc(nc to label li)tracclUdar and 
secreted Ig. The ;i and < chains were precipitated byireactmg with a 
mixture of rabbit anu->i and antl-j icra (Daymar Labpratoneaj. Nen- 
reduced samples were resolved on ^% polyacrylamlddgeis contamlRg 
O.l M Trta-hlcinc pK a,3. 0A% SDS, and 0.7% W.i'-dUllyltaita? 
diamide aa described (B}. Free > aod < cbaina. obtairted after reduc- 
tion, were analyzed wiui the gel system dedcrltxd b>| Laemmil fS). 

Cooscructlon qf wtorj OeOrln^ X2 and r L chain tfenes^ The 6.6- 
kb Eco Rl genomic Fra^ent containing the A2 MOPC 3lS L chain 
gene (10) wa5 ln«rtcd (alo the HI alte of Uxe pSV2-gpt* vector 
containing the SV40 dihanccr (II], aa ahown la rteure la. The 
resulting vector. pGpt-A2, kindly provided \jy H. Murtildo (Unlvcntty 
or Torvnto). wnA transfected into coll dtialn HSl ql . 

The 7-Hb 5107 fragment (l2j. cnciidlng the <Pc L chain, waa 
in<ji=rtcd into the Bam HI aitc of the piasmid pSvi-noo (13j. The 
reeoAiblnant pia^mid, pNeo-cPc. containing the insert in the orienta- 
tion shown in Fitforc lb. wa* tranafccted Into £. coH alraJn KB03. 

PfvtopUM /usUtn, i^ualon of bacterial protoplaau with myeloma 

* AhbrcvlatJona used m thii p*pcr: PC, phoopharylcHoUne? HAT. hy- 
poxamhlae-amlnoplerlnHhynildlnc: gpt. giUnine phosf^xirlboayl traai- 
feraie. 
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Cclld tns pcrffinned ft5 described (1 4. 15). A 3u9pci\4t^ of b^terlai 
CCl[8 Craasronned wict) the plaaznid. which bad been amplified gvcT- 
nJgbt In ihB presence of chJonmphcnlcol. v/sla centrlfu^ed &t JOQQ 
rpm for 30 mtn. washed once vtth 0.99& NaCl» and ruuspcndcd in 
O.OS M Trla. pH 8. aucrooe At a final conc^U^tlOQ of I X 10^* 
cftlia/mK To I ml o( toctcriai au9p«r\aton» 0^ niJ lysosyme (1 mgi^oil 
jn 0.25 M Tru. pH S.0] waa added, and Che mixture waa locubated 
for 5 mm on ice. AHcr jubsttjtiem admuon of 0.4 aU of 0.25 M 
£DTA. pH a.C, the mtxlure wa^ again (ncuhated for S xnln on Icc. 
then dUuted with 0-4 mi 0.05 M Trt*. pH S-O. and (ncubaied m 
for 30 mm with occa^onal mixing. The 9U9pen^Qn wa* diluted with 
10 ml of medium containing lOft sucrase and 0.0125 M M^i,: o.i 
ml of I mg/ml DNase w^ia added, and the mUtur* wa* itiCubated at 
room temperature for 13 mm. The pr^topiaaca (1 x 10° ccUs) vcrc 
pelleted, supcmatajit was removed, and 10^ myeloina cells ven 
layered on tnp by ccnuifugatlon. The protopUiflt and cell mtxturc 
was gently resuapended In i ml PEG fuaJon tniTfcr (0..65 gat P£C 
XCCQ, i ml DM£, 0.2 ml dimethyl aulfoxlde]. After a I ccpoiure, 
the ccn suapenslon was diluted with DMEM without serum, and ctlb 
were pelleted by centrlfugmlon. P»uftpcnd«d Ip medium, and dl»> 
tnbutcd tn mlcrotner wells. For Che truiafer of the X2 gene, cella 
wcfc placed afler 3 days In HAT (hypoxanthlnc-flininopt^ft^Uv- 
mldlnc} MlecUvc medium and then doned la oofl agar. For the 
tranafer of Chfi <pc ge^e. cells verc plated ac 10^ and 10" cclts/xnl in 
muttJwcU dbhea; after 2 days of incubation, the medium was sup- 
plemented with I mg/ml of the antihlottc G41S (13}. 

RESULTS 

Synthesis aad secretion qf IgA protein by MOPC315 
LV-l trar'iartC after \2 L chain gene transfer. LV-1 nras 
orlgUiaUy isolated as a non^crctJng variant of the mouse 
mycldma MOPC 315 (IgA. ^2] tumor (16). It was adapted 
to growth In tissue culture and was subsequently dem- 
onstrated to have lose the at>illty to synthesize the X2 L 
ch3Jn (6). LV-1 synthesized an altered a H chain, approx- 
•Imately 3000 daltona smaller than the wtld-typc chsdn. 
T]ii3 aiCcred H cham \s not secreted, but Instead Is de- 
graded intiacellularly with a half- life of approximately 
30 min (6). To fadUt^te tsolatlckA of trans fectant colonies 
of cells, a X2 L chain gene cloned In the vector 
pSVi'gpt and an LV-1 derivative defective in hypoxan- 
thlnc phoaphorlbosyi transferase (HPRT] activity were 
employed (Fig, la). The p5V2*gpr vector bears the bac- 
terial gene for gwianlne phoaphorlbosyi transferase (gpt) 
and confers on HPRT^ cella the c^Lpaclty to grow in HAT- 
containing medium (H ). The cloned DNA was tranaf erred 
by protoplast fusion to the LV-i derivative tine defective 
in HPRT activity, as described la Materials and Methods. 
Five HAT-re^itant transformants were Isolated and re" 
cloned for study. The individual lines were tested for X2 
L chain synthesis, and tne levels were compared with the 
parental LV-l hne. ne^tlve control, and with a hybrid 
Unc, HL-2. derived by fusion of LV-1 with V-1. a X2 L 
chidn-produclng variant of MOPC 315» described prevl- 
oualy (17). The results are displayed In Fig. 2A, The 
profile seen with HL*2 represents approximately wild- 
type amounts of X2 and a chain synthesis for the MOPC 
313 myeloma line. fThe additional bands of immunoprc- 
cipltatcd material arc Che translation products of aber- 
rant ct H chain RNA species transcribed from the ex- 
cluded a H chain constant region allele.) (17. 13) The level 
of chain production by the transformanta varied, but 
was always much lower than wild- type celJs. (VaJucs 
between 10- and 50-fold lo^er were obtained, data not 
sh wn.) The pattern from the tranaformant that pro- 
duces the highest level of X2 chain TLH-29 Is shown in 
Figure 2A. As expected, no synthesis of L chain was 
detectable with LV-1. as observed prevloussly (6). 

The ability of the TLH-2d*transfcctcd cell line to se- 




4V4g »ri 

Figtm Im ConaQxuqtLOil of VecCorB bmrtng pL^ uid « L chain gend. 
The S.6-kb cloned MOPC 31 S L chain geae tl4l lo»«rtcd into thff E^CO 
lU attc cf the p5V2^t TcCtor. t>« The 7^kb 3107 fragment cncodlflg 
for (he tPn L chain, insetted into the mm HI slic of the phutaiA 
pSV2-ft«. 

Crete ig was analyzed (Fig, 2B)^ Both chain and \2 chain 
are secreted by TLH-29, whereas no secreted Ig is ob- 
served in the media of the parentan line LV-l, as mca- 
tloned above and reported prevloMsly (6). The level of 
secreted IgA by TLH-29 U slgnlf JcstnUy lower than that 
from and la conrxmcasuratc w|l:h the lower level o( 
X2 chain produced Intr^ceUularly b^the transfcctcd line. 
The band visible above the \2 chal^i In the TLH-29 
HL-2 lanes has been ideatlfled as the J chain by specific 
immunoprcclpitatton [7). This protdin Is invoLvcd to cbe 
formation of multlmcrlc forms of Jgf\. protein (19) aP<* ^ 
only secreted attached to a chain (20. 21). The othtf 
tra,nefccted lines also secreted lg|\ protein. aJthoo^h 
again the levels were lower comticnsurate with the 
amount of X2 chain production [dat^ net shoins). 

Although the X2 chain of IgA la ndt disulfide bonded w 
the H chain and migrates separate^ in an SDS 
tem. the formation of H chain, multlificra containing ^^'^ 
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Figure 2, ft«»CUe H etain wcTvClon niter transTer of \Z gene. 
BactetlAJ pntopluta of sCiva HBIOl bcftriqg Uvc plaamJci pCpC^v:; (F]g, 
ia] i^re ry»«4 «(Uk LV-i. Al'Ccr 3 dvy^, cclb cxprcaaing Uic ypc (cne 
were jeleeicd tn HAT medium and ctoned In soA a^er. A. Anal73l9 of 
LnlncdlulBr Ig L and H chain synOieaia. OullUVe? ^cft pulae labeled far 
20 nun with A mbcture of 'slx radlelabcJed ozdUm Rctdai 20 ^tCl/ml of |'H) 
leuciAC. [^lysine, l^hlprolln*. (■ttlpAcnylalafitoe. amd |*Kltyn»lne and 
20 ^I/ml of f^mcChlonmc Cell lyvaiea wtre Unmunopreclpltated wfth 
rabbit anU'inOMPC IgA protein And a gpat nnU-rebbU Ig anu*«ra_ Predp«- 
tfttc$ were dlaaelTOi In 50 mM TWa, pH 6.9, IS SOS, piflW M were reduced 
unUi Tnc^ptocCNqnol (O.St^i. and equal umples were 47i«iyzcd ^ SD^ 
PAG£ jS lo B, AnBliral» oT accreted Ig pfoCclno. CuUuru were 

tncubmcd in the prcsengc oT the radlclabctcd unino add mixluir Tor k 4- 
hr pcDM: fracUdas of the medlA vcn UnmunnprvclplLited and BflAiyzcd 
by SDS-PACE above. 

SECRETED 




Figurw 3. Scruciurc of secreted [gA moiccula alter tmiufer a( X2 fctiC. 
SecTdcd IgA proldA radtoLatsclcd and inuniuibpredpitatcd a» de- 
Btiribed in Figure t. Prcdpltalca were dlaaolTed in 30 mM Tna, pH 
2% SDS. and Mmples vcrc wiaj^rzcd by $D$-PAGE |9 Id \3%) without 
reduction. 

Lhan two H chain moleculcd Is diagnostic of assembled 
IgA (21). The tnobiUty of Che secreted Ig protein under 
Conditions where disulfide bonds were not reduced indi^ 
cated the formation of ditners and tetramers of H chain, 
consistent with normal muUlmcrlc IgA formation (Fig. 3). 
Thus^ although suggesdve. SDS-PAG& cannot be used to 
prove the formation of complete multixnerlc IgA farms 
even though, as seen below, pcntomcrle IgM is secreted 
from it chain transformants. 

The Idnetlca of Ig protein secretion from TLH-29 were 
measured by pul^e-chase analysis. The time course of 
appearance of IgA Into the medium is shown In Figure 4. 




Tliyi^ (mJnutai) 

Ffgsw«4. Kinetic* of H Cham «rpctjnnftyroLV<lafla-tiaB«fer of the 
\2L chain gene. Cutturca of TLH-a9 were pu^ labeled f ef 20 ftUn im 
ftbgvc, then wuhed and resuBpendcd Hfl rmh.iwann (ttedluip. After the 
inMatai times of chadc, samples were rcmalred and the mcdJa toc 
analyifsd for vccr^cd a ehaina, aa indlcoted tri flgun 2. Tftc autaradl- 

osrAww we quaAtllatod by »cannlntf dtrt»ltolnc^ 

peak srcAA. 



Tictry and Intc^aUon of 



By extrapolation, secretion of newly synthesized IgA oc- 
curs after approaOmatel/ 30 to 40 ihln. Similar valoea 
have been obtained for wild-type MPPC 315 Cells [2t2), 
Thus, the time for secretion of IgA Ih the trajisfonna^it 
TLH-29 )lne is approximately norms|l. Furthermore, ex- 
amination of the profiles of labeled UjtracelluJar proteins 
Indicates that expression of \2 light jchaln 10 LV-1 ccUs 
reflult$ In stablUzatlon of thft H ghaih protein from deg- 
radation. The altered H chain polypeptide aynthcsteed in 
LV-l ccUd normally nirns.over with ci half-Jife of approx- 
imately 30 mln (fi}, and thus cannot be detected after the 
240-min chase period (Fig, 5). In contjrast. the Iclnctlca of 
clearance of Intracellular IgA from TUi-29 are similar to 
those observed with wild-type MOPC 3 i 5 cells (6, 02) and 
with the hybrid HL-2 line (Fig. 5). Tftua. ^UbUtoUon of 
the H chain from the normally raplc) turnover observed 
in LV-l cell5 occurs after expression tof the Introduced L 
chain gene. 

-Rejcuc of !gM secretion after < L cfialn gene tranter. 
The bybrldoma cell line PC7 produtfcs igM[k). which Is 
specific for the hapten PC. Using a suicide selection 
method (4)» we obtained a mutant, 5t4, which produces 
a ^1 H chain that it does not secrete. From the results of 
Geaxhort ct aL (23), the PC7 cell line isiexpcctcd to express 
the same germ-llnc PC-spcclflc variable gcnca aa are 
expressed tn the myeloma SI 07. Accbrdlngly. the r gene 
cloned from SI 07 (Fig- lb) (12) was Bransf erred Into the 
mutant 574 cell line. This vector caiHca the neo tesfst- 
ance gene, allowing for selection with the antibiotic G418 
112), 

Twenty G4l8-resistant colonics were Initially 
screened, of which 13 (655&) were po«iUve for PC hemol- 
ysis (performed as described in Tabl4 1). The PC-specific 
lysis activity In the culture medium of these transform- 
antfl ranged from nil up to tue n noaalilevel. Of these, two 
were chosen rr574//cpc-2 and TSl74/<p<-10). which 
showed approximately normal acUvlly* and one crS74/ 
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INTRACELL 

(reduced) 
LV-1 TLH-29 HL2 
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kb^S ^J^n Ji gene. Cuitura of 7LH-29 puiac 

mcdiuw, Sampla, fcntared al chc Jmllcatai Um«, were AMY^Mbv 



TABLE ! 



Wild lypc(PC7) 
Mucani (574} 
AduUnC (400) 
Tran^rorm&Atj 
TS74C*pc-2) 

T574(fpc']I] 



3a 
a 
3* 
0 



39 
0 
0 

3' 
3» 
0 



^ i.?^- ^I^^^" cultures *.crc inr«fold ^rtally 

hcMa[yaia 1^ concentration mwured by the caneltv of ihe 
culture «pcft»'&nt Co pnitein A-ojuplcd rrd «lla CJirpiScn J J 
! " «nim t4. 24) C^Mpeci^c htmely^is liter). PC-apcctf ic hctSoIysia 
aaaivynd dlrrctly on ae^ cclla cnipfed vltft PC-0N3 eaccr (4). 

<pc-l 2) With no activity (Table 1). It should be noted that 
Cne precision of the hemolysis assay la about 1 dilution 
step (threefold). 

The analysis of intracellular preparatlona (Fig. SA) m- 
cflcatea that the parental and trunafonnant cell lines 
ayntheatee the m H chain. A3 expected, the transformants 
positive for PC-spcdf Ic hcinDiyala synthesize the L chain- 
converseJy. the trajisformant that was negaUvc for PC- 
specif Ic hemolyso showed no detectable IntrttceUtJar * L 
cha(n. The level of k chain production is conslaceat with 
the hemolysis vaJuea wichJn the accuracy of the assay. 
For compart«on, results have been Included for the PC7 
mutant cell line 400, which lacks the m gene but conUn- 
uca CO aynchesl^c the if t chain at a very low level. Se- 
creted (gM is analyzed in Figure 65; the transfonnants 
that malcc < chain also secrete ^ H chain. The mobility of 
the matcrtal where disulfide bonds were n t reduced 
indicates that the IgM la secreted in the pentamerlc form 

fFig. eq. 



The low frequency of myeloma and hybridoma Ta^^r.. 
^SL* ^ ^"SScsted That hlgS^S^ 

m^Sf^ft "il™^ " '^'^^ Absence of L cfi n 

might often be t^ic (25). Our results to date suggesS 
the ii H chain of mutant 574 Is nohnal. As shot^, ^ 
Figure 8. (t Is ncrznal size and can ^^^^"^ 
pentamerlc IgM. To assess Its PC MndlrJ^f^'SS ' 
mem activfty capacity more quantltallvcJ?,J^ aiSS 
Its hemolytic titer on PC-coupIed red "cells SSf^ 
ccntration ^ me^isured by titertnglb capacSt?S^d^^ 
of protein A-ccupled red cellKe 

IgM made by L chain tr^sformanta.of mutant 574 ht! 
ncnnal acUvity. We are tlierefore u*able trdctecJ^^ 
functional (Table I) or any ativictuzal dlff eSnce l i^ 

tajjt 5 74 makes a noixoal H chain. 

DISCUSSION 

Assembly plays ao important role M the secretion «r r» 
proteln.Hercwe hav« demonstrated tha?S,:S:^2 
of an app«prtele X or « L chain ge„^ r«tor«^2!; 
of. or H Cham ^ a^„,bled%A. or IgM nSS^ 
Th«« rcanlu dlrsctly demonstrate t«ac L^haln 
iton 13 normally required for a cell to secrete H%S. 
1 hl3 result explains U,e rescue of H chain secrctlwTb; 

with L chain-producing cells, as well as the faUure of 
mveaugators from several labor^toiL to J^teZe^ 
oma varlantfl capable of secreting frte normal H chin 
(5. 5. 25J. This conclusion Is also ctmslatent with the 
Observation of Valle et al. (2e) that }g H chala dl«c« 
accumulate la oocytes mlcKtoJected with myeloma H 
cha^n mRNA and are not secreted un«ess L chain mHNA. 
13 a^so Injected. The finding that the ^decUve mhlbttton 
of X2 production in MOPC 315 by Idiotype-spedflc T 
'^'^ n« result IQ the! secretion of free « 
Chain (27) Is also In agreement with o*r concluaion 

Oenetic approaches have also Implldated control at the 
level of assembly for secretion of J chain, the Joining 
?/^^fJl" ■*<*«53ary for multimeric Ig protein formattosT 
MOPC 315 mutants, which have lostithe ablUty to ayn- 
Oiesize a H chain, fall to secrete J (jhaln protein (20). 
Only L chaina can. In general, be secr«ed in the absence 
of H chains (2, 3. 6. 25). Seme unusual L chains, the PC- 
specific Chain (28) [Fig. 4) and the * phaJn of myeloma 
tumor MOPC 21 (S). arc secreted onlywhen paired -with 
a H chain. Thdr failure to be secreted presumably reflects 
some molecular feature of the varlabl« region, a hypotH- 
esls consistent with the obacrvaUon of Wu ctaL (10). that 
the substlhiUon In position 15 from giy to aig in the A2 1. 
chain of MOPC 315 blocks its secreUdn. It la tateresttug 
that the PC-speclflc ;i and « chains cjui be secreted to- 
gether as [gM, whereas neither of these Ig chains 
accreted aJoiic wrlthout the other. 

The expression of chc introduced \2 L chain gene waa 
very low. even though many copies (»>a00) of the doaed 
DNa Were detected m theLV-1 tranafedtantsbySoutheni 
blot Maiyats (data not shownj, thia expression was proD- 
ably driven by the 5V40 enhancer, present on the pSV3- 
apt vector, aa was shown previously tar transfccUon of 
the XI L chain gene (29). AltemaUvdy. integration into a 
transcrjpcionally open" site in the chjlomatln toay have 
played a role. The inabUity of rcacajchcr^ to find a ^ J- 
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(ftEDUCEt)) 



(NOK-n^Duceo) 



"\ by UnJUn^ 4Uutlort. 
l^y reacting with a 

_ _ _ I traiufofmmt T574/ 



Cham enhanc&r Is certaln]y puzzling. Clearly In our ex- 
periments, the endogenous gene was expressed at a sig- 
nificacUy h^hcr rate than the in troduced cloned version. 
Because the pCpt-X^ clone encoinpasfied 6.6 Jcb of the 
MOPC 315 X2 L chain gen«, this result suggests cither 
(hat the regulatory sequences arc more distant or that 
the endogenous gene has a dlffcrcot Cfjnfonnatlon, one 
that Is better able to internet with cellular factora re- 
quired for optoiaJ X L chain gene transcription. 

Thus In a normal situation, free H chain polypepude is 
not In an appropriate form to be secreted. Thla may be 
due simply Co structural differences between a free M 
chain compared with a H chain assembled in an Ig nsol- 
ecuJe. Thorens et aL (30) have shown that free >i chains 
arc directed via the els golgl to lysosomes where they are 
degraded, whereas ^-L chain pairs migrate vta the tw\s 
golgl to the cell surface. In some myeloma variants the H 
chain Is degraded intracellularly [6)t In other cases it 
remains within the cell (3). The results of the experiments 
presented here Indicate that assembly of the H chain 
with a t. qhain is sufficient to restore secretion of Chose 
polypeptides In a comptcte Ig protein. The Importance of 
assembly in control of secretion has also been demon- 
stratcd for collagen (31], ^i-mlcroglobulln [32|, and theT 
cell receptor [33)- Thua, the assembly of multl-subunU 
proteins Js often a requirement for protein accretion, and 
thus might serve as an Important regulatory step hi the 
secretory process. 
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mechanism of NA release from m cerebral-cortac synapto- 
somes. Because Imimniocyiochemicai inidie^ have jhown thai 
fl*50 is found m synapses throughout ifie brain**-^, B-JO could 
be more generally invofved ia iransmirter releiua, Thrso lines 
cif evidence suggest that the phosphorylarion of B-50 by PKC 
« cssenliaj for atimulus-secrction coupHng dunng cninsmittcr 
releaae: (I) phorbol isstcrs thaL direcUy aoivMo P(tC enhance 
tile release of j variccy of neuratrawTniitera (2) by using &n 
anubody-mdcp^udcnc approach, wchave previoiwlyahovwj ihat 
dopolarizauoa-mduced nqurocranminer release from non- 
pcfmeabilizcd synaptosomes and hlppocarapal slices U dnjcJy 
carrelated with a PKC-mcdiated increase Jn 8-50 phwphoryla- 
doa' ^\ and (3) heffi we have shown that anti^B-iO IgC inhibits 
9-50 phojphoiyladon iUr as Ca-^-dcpcridcni ttansmjicbr 
release If B-SO phosphoryladon by PKC Is indeed Involved ia 
Lke meehamsm of tranfrTu'cter release, then a long-term ino'eaM 
in PKC'tticdiated B-50 phosphorylaiion^''' could be one of the 
mcchanumi tmderlyrng die increase in che release of gluumate 
that occurs durtng long^tenn potemiacion^''"*-^. 

In view of the locaiixauon of B-50 at the inacr leaflet of die 
plasma membrane'^-^*, we suggest that B-50'is involved ia the 
regulation of veside fusion widi the pfasma membrane, a process 
in which die vcsi de-associated protein synapsin" \ (a subsirate 
of ralniodulin-dependent Icin^scs) has aiso been ImpIicated^^J*, 
But the difference in ihc loCaiLe:LLloq orphOspKoryiating enzymes 
of these two proteins indicates that they b4Vc distintf roles in 
the tranfmlaex* release process- It may be chat the regulatory 
role of B-50 in vesicle fusion is not Iini itcd to cransmtUerrciease, 
but extends to (nembrane-fusion processes dunng ncuriic out- 
growth"^'. U remains to be invesrigwcd co what extern cai- " 
modulin binding^^ and moduladon of phospbaiidyl ioasicol 

^-phosphate kmato aciivity'^'^ — putadve propertia of B-50 

arc also in^'Olved in controlling neurarransmitter release. □ 
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CoMPLEiwi^NTARY DNAj dcriYed /rom ? mease ftybiidonu 
mesen^r KNA ircrt used to cranaforni tobacco leaf setmema 
Toilfiwed by re^enerados of mamre plants. FtaccsexpressingsfBgk 
eamma or kappa Immnnoglobalia chains irere otned to ylelj 
progeny Tn wbtch both chains were cxprf=Escif sinult^couljv A 
fuaedonai antibody accumulated to U% of total l«af protaza b 
plaits expressing full-lencdi cDNAs contamiae leader sequences.' 
SpcdRc binding of (he antfgea reco^oed by these andbodin vai 
fiimiUr to the hybnJomarKlerfvftd aaHbody- Tcaaa/ormants bariaj 
yw or itf'^hain cDNAs i^thout leader seqnfivces gave poor 
expmsi'on of the pfo reins* The increoied abqadance of both y 
and fc-chalns fn tr^nxformants expression assembled gammv- 
kappa complexes i^ru not rejected la Increased mKNA igwi- b^ T&e 
results demoostnte tbar productioo of inununo^obolias aad 
usably of funcdoqal ancibodieffoecui^ Teiyeff{eiCttCty ia tabatto. 
Assembly gf snbaotts by sexual cross might be a Seocnilly aypll^ 
cable method for expressioo of heterologous multjmer^ (a ptaaxs; 

The f ource of Inimunoelabulin mRNAs was a hybridomA aU 
line fixprcssing a caCAlyuc Igd antibody (5D4) which binds a 
low molecular ^ci^t phosphonactf ester (P3) and catalyses the 
hydrolysis of certain earboxyifc esters. Consimcis used Tor 
immunogtobuUn c^cprcssion in plants consisted of codins^kngih 
eOMAs of the 6D4 y- or ic-chain with or without their leader 
sequences. Thcsc cDNAs were tnodlfiBd to contain tciminaJ 
£coRl restriction enzyme digestion sicfis and were lig&led imo 
Ehc consiituclve plant expression vector pMON530 (n:f.J) to 
form p Hi 1 01 (fcappa, no leader], pHU02 (iappa, Icadet), 
pHilOl (^amma, no leader) and pHi202 (^rama, leader). We 
Lransfsrwi^d tobacco plants uxing A grobaccenum containing 
each of theses four plumids^ and screened leaf eziracts from 
regenerated craDsfctmancs for the presence gf {mnumoglobullo 
heavy or light chains by emy me- linked immunosorbent assay 
(EUSAr. TransformaniS expressing Individual itnmuno- 
globulin chains were then sexually crossed to produce progeny 
expressing both chains. The results of tiic ELISA revealed high 
levels of Icappa and gamma chains accuTnuladng in indjridual 
plants containing DNA from both pHil02 and pHi202 (Tatle 
1; Hg. 2a). We vcriiicd che exprE:ssion of boih heavy and Ughl 
chains by western blotting CF15. 2 )» From die EUS As, we jad(^ 
chat virnially all the 7^ and w-chains in these plants v<sc ' 
ass«mblcd into gflfflma-kappa complexes (Table 1). Wesicm 
blOLs provided addicionai evideacc for assembled antibodies 
in thai, under nan-r^udng conditions, rnost of che immimo- 
reaarve y- &nd ^-chains agsrcgated at a high molecular 'wcisU 
(Fig. IK 

The binding speeifxetty of die assembled gamma^lcappa com- 
pie^es was Studied In ELISAs in which a P3-bovine jwrn 
albumin conjugate was used as antigen. The andgen binding by 
anuliody derived from phmcs was eqtiivaltAE to andgen hlndiDg V. 
by iho 6D4 hybn'doma antibody. Inoibation of plant ertiafits 
or the purified anybody with 50 fLmol r' P3 for 3 h ai25 "C " 
before addition to the ELISA eliminaccd antibody binding (o 
the P3-BS A ctynjugace, demonstnuing mat binding was spca&c ^ 
for the P3 hapten. KaiT-mtuinial iahibidon oceuitcd vr* 
10 funol r' free P3 for boch hybridoma and pianirdcrivqd icd- 
bodiBs. 

Transfonnants denVed from the leadcrlcss constmcts pHilOl 
and pHi20l contained very tow levels of and y-chains 
rcsnftCfivRlv hut .Snuchem and nonhem htrr^ deal- 
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imrnuaag/abuHi) chains eanaiaad auembJfld aamjaa-JkaoM 
corapleies (Table II. ' -«appj 

TTie Increased ncavtry of immuoagJabului epitopes from 
tfMjfonnams cxpreuins ftilHtflgih cDNAi wax noc rcflcacd 
in ncrvMed mJtMA. crauueripx IcviJt Noohenj brois (rit^i) 
coiBpanng PH1201 iqd pHi202 ttansfonnaBts. for MamoJc 
revuiftd Qoriir equivaJent IcveU of hcavy^'n tfawcricu' 
afihOTiRh ELlSAs Ifldrcaied a AO-rold inCreaA: In accumutaJon 
of Fi«iv3«hiuii protois in dio pHi3£12 inncroTmuit. Likowijc 
JmmijnogjQbulii, mRNA Ic^clj In a ptai produdng lane' 
amounu ^tmh{9i^ andbodicr were not s«5wfi candy differ^ 
;rt)ra ttie pirrauJ olants thai accumularctl low leyck of 

OUf reniJu jhow ihai indiWduaJ cDNAa Tor UiunuDOglobuUn 
^ and r-cfaai„ be cm«cjiily «prciMcl In wbagw [a ri,cm 
fiwicuanaJ ^niibodiej, AMenibly of iramunoglobilla chum by 
itiXsaf crOM ui piftna PtpTOwiu « uaefoJ i^ienxau'v? Co die 
etprawon by a smjle vector of both ztmna and kappa cDNAa 
M ID yeast ar bactirria^ , or double tnioafbTniawoa MrSih rzaon 
comaimns individual eONAs'-'. Poteniially. djjj method is 
ippJiRxble to Che i£[eiDbly or oWgomen oUaer Utah uiiibodlcs. 
The characwriiaiion of andbodia produced in plants f eJycnsy* 
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AccufnuUuM of T- Of rt*tfttif» in VwufcMi^ jyiftob* 
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mkyNL 4 e 3 

ro» sssemofy) 

K^JCyt 3 IQ 

" • 0$±lS?b 3SS0rnUy> 



Aoamdaljon if tn^vjciiaf ^armra and lu^pi (In « per m tourf 

MO-niowf hwvy Of fltfn chw-JHWrfft: 

PH ao CTBS. foflpw« by ««^vritti 5% 
Ptoni^m«s**mtanogtf«ZBtf(nai™viaranyDttUi at a X mrMtni 
Of ^^■ mirt^rt. To tf» ti<)*™tont a qtmw wrtaiw ef 5 xTBs *M «^ 
J«J SO (d cf 1 Ui 2 iflfW dfcuw «ltfo4 to 
lan ai a'c mfc^rwra ireib were Vfadied **ih ctsodad wacv m nm 

rof 2ti ai 37-c h TB5. and Mtoctad acmnfac » tna /naSSSra 

(nyn gi i« asi two dtcarmhsEtona pksit and donot fti^ tnmrfbrtrafra 
prOtfudnaftDdatecaWa r-cr*c.cfia(aAi iftWC nina fl/»n3 nim lawod 
tfl sacticauriofy, AH v^un are Bhnkrt as napcf {r« of utsi preuATlir U»« 
Mt/xr and (wrrta t^e quanmy of purtfled aD4 BUb^ 
to th^n an (mtr^l cctour dgv fl to< M i>q t in asA. T«im vrec^fo tn o» 

»HJ mfar UI dWA* idth iwcto 5K^TO« 7<x^ 

ha pteri tfwt rfjB] en«Mto ws^dni »il vlco v«raa.Mi^^ 

ttecs are vsluea rcrpianifi with fha hiihnt loveia of ottfrntadon. 

a yenol ems. Tbe fiDSA fa- i&Mb^r uataJ honanulsh prate*. 
cniiiu«»d ani-tf-cfaiWGpeciflc antiboita to Oit«x antiam bomj a 
(iteTjatra vwna ccicod wmi uniBbelad aqd-r^v^spoono amliociu. vw 
«fl vwxa. va^ms dorhwd frwn tfesa aasayi wva ua«d ld cnfo^ V« 
Po^ cent of assontfy Oy cofnoBrlaon Mm me pwiftsd 804 smtff . TTis 
was Mtumined a {mt ffree lirnqs fof aacn ^» pianL TTb per ewt 



la£ion, procoaama or Icaddf xsquncfe;, CytoloeiliMdoo li^" 

niraoYcr) will be described la a laier paper. 

In B lymphocyics, immuiia5fobunii pz^eesing 4nd aQmUy' 
occun In the eRdoplBunle cetioilum/GoljJ In a process Uat 
may be promoted by hwi^jMrbaio bbidjnft protn'oa present id 
the eadQpJaa&lie nticulum'*^". Plant cdti may alio have a* 
lystcm for muJlimer 'aaeaibty ia dicir endoptundp " 
rttcuiuw/Colgi that am rwognijc JmmunoalobqUn chalot^ 
AI^naMVflly, uaeq»bly may swDir , aponiancoiwly, fhui 
iiiffioeni icvnij or each chaiq in the appn^riecc ccUoIar coii."' 
paoTOcnt. Our nwjJta imQiamic diai planu nKjuite a nail'- 
lequence for efficitnc assembly of r «h1 ^-luhumi*. T^e pn*!''- 
enec afihe mooac leader acqueacc dearly au^enu the laamti:^ " 
Itbott of indiyidual chains. This might be the reaalx of ah' 
enhanced nnsIanoA of che bmnunoelobuUn messBHseB or 
incfttsed stabiJiiy of eacfa ppoteia aa a rtsull of subttllular' 
Jetpicsieiins or iecnUiofL The yield of each chain » mcreased 
In pUrtts expressifls bocb gamna and kappa, indiadnr thai' 
awerably ofihc gamina-kappa complfic misht eqbance rtabiTuy/ 
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n& 1 WeatOT ttoc of (ear proteins rrarn tr^i^eiac looxeo plants ei^ea^ 
ng (rrmmsetoeuUn dtsu. Le«/ aesm^tta (1 gl frtvrt matin oMa wa 
IwtoeenfcCBtf In a inora and pestla vrftn 1 irt OflS M Trto^ 

Mtn or tvfthouE 2 mM modnjcof (OTQ da M^Ect Tcr ;3-inhi. SO&^Aff 
In 10% Krvttmldv" and btotEbta ^ om pmukta u rtTbcc^ltiaW m 
per^ormad aa descried. BEota tvera prainaatBd rv6hAt4iCfa(20ri«4 
Trta^ pH aA ISO mM 1^ OJXL* Twwn 30 fTBST) cwalf*^ SM aai 
and O^fno-^K dried miDtbefDro theadcrdanuf sai»ta.AbKxiiyiaiM 
M aitf^nuao whola fgs sttjood^ (CBpooa dutod l:Soa fa thst m 
used ID prate mo btotff at 4 X for 24 ^ A vvwiy 0/ oMVnwd^ ffv^^ 
anilMtfes {andwnouse WQal w« used in omer opoinwnla with 
raAiUAfiODodyUidlnawuvfniBitaMattErbtnd^ ^cr^tavairv^^ 
gied :*inng ateonacaefai (25 "C fgr 3h) 6r lna±flllm In 3Mua"p^* 
niiRMue lanzDlfum and 150 li^nd'^ A^wrvM-cMoro-a-NDiyl ^ttoT 
phalt It ianos t-T, 40^1 of aae^ axtr^ COncsMns CTJ^ AMI 

WJrii*mi:iano2.l5 iiawlld-iyMptmt-axnaiBttttRlaMai^M^ 
tnom a fiant tranc^omtad Mrilh mintatod v-ctia^ cfiNA ((#ti3^ai^^ 
no leooer WM ma y Im 4, i5tA< from ptwt (y iri gn^ «hh tnn^ 
r^<^aln d)NA (DM2dU lu S. 15 atf tnad a ttUV^ kvoa cCm 

ua«romianc(rmo2);l3na d,lfi|ii ffora a ^*ew^ 7M*t^d^ 
iDnram l£fOSj2^ carta r, 15 lU from an danc ftom.tf* iftia' 
baiM^ a a carnniB praikjcar: Jans 100 SD4 svSBdr Ob 

orP; Una % satrm 29 land 7. exeam no 017. Gamna ar^ic^ on tt> Wt' 
refw to m j^tons or du e04 hcavr aid itgni pi^dte 
moteft ir Twri ghl (gjven in ihouaand*) maif^r^ ara atmi ^ tfA rtiptt. Br 
eliaJJ 111 lanoa ^3 ec^uebwl wy tohr tDWls of or r-dta^w 
«0.DO8% t! UUI Tatge U wnerBas asusts (n lanu 3,7 ntS 
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Truce Is Over, 
Ortega Declares 
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U,S, Condetnns 
More, Hopes It 
Will Backfire 
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